SUMMARY The effect of an intravenous infusion of omeprazole (0.35 mg/kg) and placebo on basal and stimulated (pentagastrin 1.0 ,ug/kg/h) secretion of gastric acid, intrinsic factor and pepsin was studied in 10 healthy male subjects. Omeprazole caused a marked inhibition of basal and stimulated acid output. The inhibition of pepsin output was less marked, but also significant. The output of intrinsic factor, however, showed no significant change. The results indicate that acid and intrinsic factor might have different secretory mechanisms within the parietal cell.
gastric glands,2 as both in animals3 and in man.45
These drugs inhibit gastric acid secretion by a mechanism different from antisecretagogues known so far, and studies have provided evidence that omeprazole inhibits the enzyme H+K+-ATP-ase, 6 7 which is suggested to be the proton pump of the parietal cell. g-9
Intrinsic factorl as well as gastric acid is secreted by the parietal cell. Inhibitors of gastric acid secretion such as histamine H2 receptor antagonists 1-13 as well as atropine14 have been shown to reduce intrinsic factor secretion. Whether or not omeprazole inhibits intrinsic factor secretion is, however, not known. The present investigation was undertaken to measure the effect of omeprazole on acid and intrinsic factor secretion. The effect of omeprazole on pepsin secretion was also measured, since previous studies have shown different results. [15] [16] [17] Methods
SUBJECTS
Ten healthy male volunteers (mean age 26 years, range 21-37 years) gave written informed consent to the study. The study was approved by the Ethical Committee at Aker University Hospital, Oslo, Norway.
The gastric acid concentration was measured by titration with 0-1 M NaOH to pH 7.4 using an automatic titrator (Radiometer, Copenhagen, Denmark).
Aliquots of the gastric juice were depepsinised by adjusting the pH to 10 with 1M NaOH. After 30 minutes the pH was adjusted to 7-0 with 1 M NaOH and stored at -20'C. '8 The intrinsic factor concentration was measured by the method of Gottlieb using intrinsic factor antibody from patients with pernicious anaemia.19
The concentration of intrinsic factor in the gastric juice was expressed in U/ml, where 1 unit is the amount of intrinsic factor bound to 1 ng 57co-cyanocobalamin. The variation of duplicates in the assay was found to be 1.78%±0-22% (mean variation coefficient ±SD), and the between assay variation coefficient 11 8%. The samples from the omeprazole and the placebo experiments were analysed in the same batch.
Pepsin concentration was measured by the method of Berstad20 using human haemoglobin as substrate, and samples with pH exceeding 6-0 were excluded from the statistical analysis of the pepsin data.
The samples for pepsin and gastric acid determination were kept refrigerated until analysed.
Aliquots containaing 61*3 mg omeprazole dissolved in 6-13 g polyethylenglycol (MW 400) were stored at -20°C until used. Before use omeprazole was diluted in 6-7 mmol/l NaHCO3 to a final concentration of 4 mg/ml. 6 Both basal and pentagastrin stimulated gastric acid output was significantly inhibited by omeprazole. (Figure 1 b) . The inhibition of basal acid output increased subsequently during the whole basal period, indicating that the inhibition recorded was not maximal. The inhibition of stimulated acid output was 74-1%±5-2% (mean ±SEM; p<0-01), and was because of a significant inhibition of both H+ concentrations (mean inhibition 39*0%±9 3%; 
INTRINSIC FACTOR SECRETION
Both basal and stimulated concentration of intrinsic factor was higher after omeprazole infusion than after placebo, whereas the output of intrinsic factor did not significantly change (Figure 2 a, b ; Table) . In the basal period omeprazole caused a marked rise in pH in gastric juice that exceeded 6 in several samples. As pepsin is irreversibly degraded at pH above 6,21 the pepsin data from the basal period were considered unreliable and was excluded from the statistical analyses. During pentagastrin stimulation mean pepsin output decreased from 125*3 mg±7*9 mg (placebo) to 79 6 mg±6-3 mg after omeprazole (p<0-01) whereas the mean pepsin concentration increased from 413 mg/1±34 mg/l (placebo) to 817 mg/1±189 mg/l after omeprazole (p<001; Figure 3 a, b).
Discussion
The potent inhibitory effect of omeprazole on acid secretion was confirmed in the present study when stimulating the secretion with a submaximal dose of pentagastrin (1-0 ,ug/kg/h; Fig 1 a,b) . The output of intrinsic factor was unchanged after omeprazole (Table , Fig 2 b ). The concentration of intrinsic factor in the gastric juice increased, probably because of reduced volume secretion. Hence, the results show that omeprazole, at a dose causing marked inhibition of acid secretion, has no effect on basal and pentagastrin stimulated intrinsic factor secretion. The effect of maximal doses of omeprazole on intrinsic factor secretion is, however, not known.
As the parietal cell is the site of both acid and intrinsic factor production,10 the different effect of omeprazole on intrinsic factor and acid secretion is of interest. It is known that omeprazole interacts with the enzyme H+K+-ATP-ase, which is located 
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, o. group.bmj.com on October 14, 2017 -Published by http://gut.bmj.com/ Downloaded from might reduce the absorption of food-bound vitamin B12, even in presence of sufficient amounts of intrinsic factor to ensure normal absorption of unbound vitamin B12.22 It has been shown that treatment with the histamine H2-receptor antagonists cimetidine and ranitidine reduced the absorption of radioactive cyanocobalamin bound to chicken serum,13 23 but has no effect on the absorption of unbound radioactive cyanocobalamin.23 Whether or not omeprazole inhibits the absorption of vitamin B12 still remains to be investigated.
The results also show a moderate inhibition of pentagastrin stimulated pepsin output (Fig 3  a,b) . The inhibition of pepsin output (38-2%±7.0%) was less marked than the inhibition of acid output (74-1%±5-2%; p<0-01). During the pentagastrin stimulation the pepsin concentration markedly increased, probably as an effect of reduced volume secretion. The present results are in agreement with those reported in man by Wilson et al. 17 The mechanism by which omeprazole inhibits pepsin secretion is unknown. Fryklund et at16 found that omeprazole did not inhibit pepsinogen released in isolated zymogen cells from rabbit mucosa, whereas the formation of acid in isolated parietal cells was strongly inhibited. The inhibition of pepsin secretion can therefore not be explained by direct omeprazole interaction with the pepsin producing cells. It might be speculated whether the inhibition of pepsin secretion could be an effect secondary to the inhibition of acid secretion, a theory supported by findings that topical application of hydrochloric acid stimulates the secretion of pepsin in vitro24 as well as in healthy man. 25 We wish to thank Dr A Berstad for kindly performing the pepsin measurements. The study was supported by AB Hassle, M0lndal, Sweden. 
